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Dermatosparaxis is a connective tissue disease, pri-
marily of sheep and cattle, that results from deficient 
activity of the NH2-terminal procollagen peptidase. It is 
characterized by fragile, loose skin that is easily torn 
with minor trauma. We have identified a cat with a 
defect in this procollagen peptidase which affects only a 
small proportion of the collagen molecules; the majority 
of the collagen is processed normally. Nonethele~s, as 
seen by transmission and scanning electron microscopy, 
this population of aberrant collagen molecules signifi-
cantly alters the structure of individual collagen fibrils, 
the assembly of fibrils into fiber bundles and the inte-
gration of fiber bundles into a normal, woven network 
in the reticular dermis of skin. Although the clinical 
findings are less severe than those in sheep and cattle 
where the enzymatic defect is more complete, the ultra-
structural abnormalities are marked and demonstrate 
that a minority of abnormal collagen molecules can have 
a major effect on the structure and function of connective 
tissues. · 
Dermatosparaxis (procollagen peptidase deficiency) is an in-
herited connective tissue disease which has been described in 
a certain strain of cattle [1 ,2] and in sheep [3] and is character-
ized by loose, fragile skin that is easily torn with minor trauma. 
Sheep generally die at birth or in the first few weeks of life as 
a consequence of lacerations and septicemia. The defect is less 
severe in calves; correspondingly, the survival time is longer. 
This disorder is inherited in an autosomal recessive manner 
[ 4,5] and is due to deficient activity of the enzyme which cleaves 
the NH2-terminal extensions from type I procollagen [6,8]. An 
analogous disorder in humans, Ehlers-Danlos syndrome type 
VII appears to be due to a similar biochemical defect. Individ-
uals with the disease lack the severe skin fragility of affected 
sheep and cattle and instead have marked joint hypermobility 
and dislocation [9]. 
We have identified a cat with a similar disorder [10,11]. 
Although only a portion of the collagen chains that were 
extractable from the skin had intact NH2-terminal extensions, 
this defect was reflected in altered structure of the collagen at 
the level of the fibril, fiber and fiber bundle. These alterations 
were similar to those seen in sheep and cattle [2,3,12,13] and 
demonstrate that a relatively small proportion of abnormal 
molecules may be sufficient to disrupt the normal arrangement 
of the extracellular matrix. In this report we describe the 
ultrastructural alterations in the skin of this animal. 
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MATERIALS AND METHODS 
A 6-mo-old female Himalayan cat was donated to the Department 
of Veterinary Microbiology and Pathology at Washington State Uni-
versity after treatment by a local veterinarian for several facial lacera-
tions. She was declawed and fitted with a plastic collar to prevent self-
inflicted injuries. Skin biopsy was performed on the cat when she was 
1 Y, yr of age to determine by histological, ultrastructural and biochem-
ical analyses whether this animal had a defect in collagen structure and 
metabolism. An area of skin over the left shoulder was shaved and the 
cat was anaesthetized with thiamylol for the procedure. A normal age 
and sex matched cat was biopsied at the same time as a control. 
Portions of each biopsy were immersed in half-strength Karnovsky's 
fixative [14] for 2-6 hr at room temperature. Tissues then were washed 
in 0.1 M cacodylate buffer, postfixed in 1% OsO. in distilled water for 1 
hr and dehydrated through a graded series of alcohols. Smaller pieces 
were embedded in Epon by conventional methods [15]. Larger segments 
were dehydrated further through a series of Genesolv-ETOH (1:2,1: 1,2: 
1) into 100% Genesolv and transferred to a pressure chamber of a 
critical point drying apparatus (Bomar SPC-50) [16]. The samples were 
flushed with Freon 13 and carried through the critical point for drying. 
Specimens were sputter-coated with gold palladium alloy and viewed 
in an ETEC Autoscan scanning electron microscope at 20 kv in the 
secondary electron mode. Embedded tissues were thick sectioned (1 
p.m) and stained with a bichrome stain for light microscopy. Thin 
sections were stained first with 5% phosphotungstic acid for 2-4 hr, 
then with saturated uranyl acetate and lead citrate [17] and viewed in 
a Philips 201 transmission electron microscope. 
RESULTS 
At the light microscopic level the dermis in the affected 
animal appeared considerably thinner than that of the normal 
control. The connective tissue architecture of both papillary 
and reticular dermis in the affected animal was markedly finer; 
small to intermediate-sized bundles were present in the upper 
half ofthe reticular dermis while larger and more coarse bundles 
were located just above the subcutaneous fat. Many of the 
collagen bundles were extended linearly and aligned perpendic-
ular to the skin surface or formed tight knots of randomly 
tangled fibrils (Fig la,b) . The typical interwoven nature of the 
normal dermis, as seen in Fig 2a was absent. In the control 
animal the reticular dermis was packed with large fiber bundles 
arranged predominantly in a plane parallel with the skin surface 
(Fig 2a). The collagen fibrils in these bundles were parallel and 
closely apposed (Fig 2b), thus giving a smooth and wavy ap-
pearance to the bundles in contrast with the abnormal fiber 
bundles seen in Fig lb. Elastic fibers were more abundant in 
the dermis of the abnormal animal than the control. 
The tangled, nonparallel array of fibrils and fibers so evident 
in the scanning electron micrographs (Fig 3a,b) also was appar-
ent in thin-sectioned specimens sampled at all levels of the 
reticular dermis. In any section through a fiber bundle from 
this region, constituent fibers were seen in longitudinal, cross 
and oblique section (Fig 4a). This was in marked contrast with 
fiber bundles from the normal dermis where all fibrils were 
aligned in parallel (Fig 4b). The majority of fibrils from the 
affected animal were disorganized with a wide range of struc-
tural alterations. These alterations were particularly evident in 
cross-sectioned specimens (Fig 5a,b). A few fibrils in each 
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FIG 1. a, SEM of dermis of the dermatosparactic cat. The epidermis 
is in the upper left hand corner. Collagen bundles are linear and parallel 
or rounded (Inset) (X 100; Inset x 360). b, SEM of collagen fiber 
bundles. Note the tangled organization of the fibrils within the bundles 
(X 1400). 
FIG 2. a, SEM of dermis of a normal age, sex and site matched 
control cat. Collagen bundles are typically inte rwoven (X 130). b, SEM 
of collagen fiber bundles from the control cat. Fibrils are parallel within 
the smooth appearing bundles (micrograph courtesy of Tim J. Moore) 
(X 720). 
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FIG 3. SEMs of collagen fibrils in a fiber bundle from the dermis of 
(a) the dermatosparactic cat, and (b) the normal cat (X 6000). 
bundle were nearly normal .in contour and diameter (Fig 5a); 
large diameter fibrils either were dense and irregular in contour 
or diffuse and lobulated (Fig 5a,b). A population of smaller 
diameter fibrils with a very irregular outline was interspersed 
among the larger fibrils (Fig 5b). The difference in size and 
density of the fibrils depended upon the number of component 
fibrils that were spirally twisted about one another and the 
tightness with which they were associated (Fig 5c) . Typically, 
the smaller fibrils were assembled from 3 (1-3) approximately 
equal diameter groups of filaments while the larger fibrils 
contained more groups of filaments with varying diameters. All 
of the fibrils, regardless of the state of assembly were striated 
with a periodicity identical to that of the control specimen. 
Large amounts of 'diffuse ground substance were associated 
with each of the affected fibrils (Fig 5c) and as a consequence 
they were more widely separated from one another than the 
fibrils in the control animal (Fig 5d). 
Fibrils in the papillary dermis of the abnormal cat showed 
only minor alterations in structure (Figs. 6a,b). In cross-section 
they appeared slightly irregular and the range of fibril diameters 
was narrow, in contrast to the fibrils of the reticular dermis. No 
fibrils with the morphology of those in the reticular dermis 
were seen in the papillary dermis. Elastic fibers were abundant 
(Figs. 6a,b) and fibroblastic cells appeared normal. 
DISCUSSION 
In this dermatosparactic cat the retention of the NH2-termi-
nal extensions on a small proportion of collagen molecules in 
skin had a dramatic effect on collagen organization at all levels. 
This was reflected in abnormal fibril structure, altered associ-
ation of fibrils into fibers, fibers into fiber bundles and fiber 
bundles into a dermal architecture that was highly modified 
from the typical, tightly interwoven fabric of dermal collagen. 
Certain of the features we have described have been seen in the 
skin or other tissues of dermatosparactic sheep and cattle in 
which the enzymatic deficit is more severe and the proportion 
of abnormal molecules correspondingly larger. 
In calves and lambs, dermal collagen fibrils in cross-section 
have 3-4 long, thin "arms" that radiate asymmetrically from a 
common point. This structure is brought about by 3-4 sheet-
like aggregations of collagen filaments loosely wound about one 
another in a spiral pattern [2t,3,13]. The bizarre and inconsist-
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FIG 4. a, TEM of a collagen fiber bundle from the dermis of the 
dermatosparactic cat showing fibers and fibrils in various planes of 
section within the bundle (X 10,000) . b, TEM of a dermal collagen fiber 
bundle from the normal control cat. All fibrils within a fiber are 
organized in the same plane (X 6200). 
ently irregular shape of these fibrils in lambs prompted their 
designation as "hieroglyphic" fibrils. In longitudinal section the 
fibrils appeared as loose ropes [3) except in preparations where 
fiber suspensions were precipitated on grids and negatively 
stained. In the latter instance the fibrils also were twisted and 
showed the component groups of f:tlaments but they were 
flattened and ribbon-like in appearance [12]. None of the fibrils 
in the cat were altered as severely as in the sheep or cattle and 
only in this animal were there different populations of abnormal 
fibrils. Cross-sectional outlines of the cat fibrils were more 
compact and smaller in overall dimension; the "arms" of the 
fibrils were more blunt and represented a more cylindrical, less 
sheet-like structure of the f:tlaments that comprised the fibril. 
This was apparent in longitudinally sectioned tissue (Fig 5c). 
Neither the filaments nor the diffuse fibrils appeared ribbon-
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FIG 5. a, TEM of dermal collagen fibrils from the dermatosparactic cat. Populations of larger and small, irregular fibrils are evident. A few 
large diameter fibrils are nearly regular in contour (arrows) (X 18,900). b, TEM of affected collagen fibrils in x.s. showing the wide range of bizarre 
shapes (X 49,200). Inset: TEM of collagen fibrils from the normal cat. Note the regular contours of these fibrils (X 49,200). c, TEM of abnormal 
fibrils in l.s. showing loosely woven bundles of filaments t hat spiral around one another (X 45,600) . d, TEM of fibrils from the normal cat. 
F ilaments within the individual fibrils cannot be seen (X 45,600). 
like. Outlines of nearly symmetrical, compact fibrils were pres-
ent in every microscopic field studied from the cat. These were 
not described in either the sheep or the cattle. Even the smallest 
components of fibrils from all of the abnormal animals were 
striated and had a normal pattern of banding [3,13]. 
Cat dermal fibrils resembled tendon fibrils from the other 
dermatosparactic animals. In the lamb, tendon fibrils were less 
branched and more compact [3]; tendon fibrils were structurally 
normal in the Hereford calf [2] but fibrils precipitated out of 
suspensions of tendon and ligament collagen from the Belgian 
calves were a combination of normal (round) and abnormal 
(spiralled) structures [12] that were identical with those ob-
served in cat dermis. Such suspensions contained a smaller 
amount of the pro a chains than skin, thus there appears to be 
correlation between the severity of the structural alteration and 
t he quantity of normal pro a chains among various tissues as 
well as among various species. 
In all of the dermatosparactic animals, the molecular changes 
in the collagen molecule influenced higher levels of collagen 
organization and dermal architecture. Fibrils in the calf were 
disorganized and randomly collected into thinner than normal 
fiber bundles [2,13] which, like the cat, did not interlace nor-
m ally in the dermis (Fig 1a,b) . Pierard and Lapiere [18] found 
a random, intertwined arrangement of fibrils like that of the 
cat, but these were assembled into thin, wide sheets that were 
parallel to the epidermis and concentric around glands and hair 
follicles. Layers of collagen fibrils were not described in the 
dermis of lambs and we did not see them in the tissue of the 
cat. 
Fibrils within bundles of the affected cat were separated by 
wider distances than normal (Fig 5a-d) and the interfibrillar 
space contained diffuse material that is morphologically similar 
to fibril-associated glycosa..minoglycans. Elevated levels of gly-
cosaminoglycans were found in skin of affected calves [19]; this 
may account for the jelly-like quality to the touch, the increase 
in thickness and the greater hydration of the skin [3]. Calf skin 
had dense masses of filamentous material between bundles [13] 
that was present to such an extent that the collagen network 
was described as "embedded" in excess ground substance [18]. 
The skin of the affected cat showed neither an increased thick-
ness nor excessive accumulation of ground substance between 
bundles. By contrast, the distance between the epidermis and 
the subcutaneous fat was less in the affected animal than in the 
control, although the amount of collagen by weight was nearly 
identical to that in an equivalent sample from the control 
[10,11]. In all of the affected animals the structure of the 
fibroblastic cells and elastic fibers appeared identical to normal 
controls [2,3]. 
The cat was unique among the dermatosparactic animals in 
that the abnormal fibrils were limited to the reticular dermis; 
the papillary dermis contained few fibrils that were altered in 
morphology. Both regions were affected equally in the calves 
and sheep [20]. The reason for the limited distribution of 
affected collagen fibrils in the cat is not clear, although several 
possibilities may be considered: If one accepts that the papillary 
dermis is the major site of d,istribution for type III collagen 
[21], then it could be suspected that only a type I procollagen 
peptidase was defective and that a type III procollagen pepti-
dase had normal activity [22]. Biochemical evidence, however, 
suggests that type III collagen may not have this specific 
localization but instead may be distributed uniformly through-
out the dermis [23]. Alternatively, there may be regional differ-
ences in peptidase activity within this tissue (just as there are 
differences among tissues [6]), hence, as shown by others [24], 
the fibroblastic cells may be regionally specific and functionally 
distinct. 
It is clear from the clinical, ultrastructural and biochemical 
studies of this cat that it has dermatosparaxis. The alterations 
in collagen fibrils, fibers and fiber bundles from the dermis 
match those of the dermatosparactic sheep and cattle, espe-
cially the tissues in these animals which show less marked 
abnormality. The cat, however, is not affected as severely as 
the other animals; it is still alive after 2 yr while the longest 
survival of the sheep was a few days. It is unclear how the 
disease affected the longevity of the calves as the eldest affected 
calf reported was slaughtered at 7 mo. On the basis of structural 
criteria and clinical symptoms the expression of the· disease in 
the cat is intermediate between the severe and lethal disorder 
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FIG 6. TEM of epidermis (Ep) and papillary dermis from the der-
matosparactic cat. (a) Elastic connective tissue (E) is particularly 
abundant in this region and is mixed with collagen fibrils which are 
nearly normal in structure (b) (X 8000; X 14,000) . 
in the sheep and the more benign but disabling disorder of man. 
Although only a small proportion of the a-chains in skin retain 
NHz-terminal extensions there are alterations in collagen fibril 
structure, in the organization of fibrils into fibers and fiber 
Vol. 74, No.2 
bundles, in the integration of bundles in the dermis and fmally, 
in the mechanical properties of skin. 
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